Schizophrenia is a complex brain disorder that may be accompanied by idiopathic inflammation. Classic central nervous system (CNS) inflammatory disorders such as viral encephalitis or multiple sclerosis can be characterized by incongruent serum and cerebrospinal fluid (CSF) IgG due in part to localized intrathecal synthesis of antibodies. The dietary antigens, wheat gluten and bovine milk casein, can induce a humoral immune response in susceptible individuals with schizophrenia, but the correlation between the food-derived serological and intrathecal IgG response is not known. Here, we measured IgG to wheat gluten and bovine milk casein in matched serum and CSF samples from 105 individuals with first-episode schizophrenia (n = 75 antipsychotic-naïve), and 61 controls. We found striking correlations in the levels of IgG response to dietary proteins between serum and CSF of schizophrenia patients, but not controls (schizophrenia, R 2 = 0.34-0.55, p 6 0.0001; controls R 2 = 0.05-0.06, p > 0.33). A gauge of blood-CSF barrier permeability and CSF flow rate, the CSF-to-serum albumin ratio, was significantly elevated in cases compared to controls (p 6 0.001-0.003). Indicators of intrathecal IgG production, the CSF IgG index and the specific Antibody Index, were not significantly altered in schizophrenia compared to controls. Thus, the selective diffusion of bovine milk casein and wheat gluten antibodies between serum and CSF in schizophrenia may be the function of a low-level anatomical barrier dysfunction or altered CSF flow rate, which may be transient in nature.
a b s t r a c t
Schizophrenia is a complex brain disorder that may be accompanied by idiopathic inflammation. Classic central nervous system (CNS) inflammatory disorders such as viral encephalitis or multiple sclerosis can be characterized by incongruent serum and cerebrospinal fluid (CSF) IgG due in part to localized intrathecal synthesis of antibodies. The dietary antigens, wheat gluten and bovine milk casein, can induce a humoral immune response in susceptible individuals with schizophrenia, but the correlation between the food-derived serological and intrathecal IgG response is not known. Here, we measured IgG to wheat gluten and bovine milk casein in matched serum and CSF samples from 105 individuals with first-episode schizophrenia (n = 75 antipsychotic-naïve), and 61 controls. We found striking correlations in the levels of IgG response to dietary proteins between serum and CSF of schizophrenia patients, but not controls (schizophrenia, R 2 = 0.34-0.55, p 6 0.0001; controls R 2 = 0.05-0.06, p > 0.33). A gauge of blood-CSF barrier permeability and CSF flow rate, the CSF-to-serum albumin ratio, was significantly elevated in cases compared to controls (p 6 0.001-0.003). Indicators of intrathecal IgG production, the CSF IgG index and the specific Antibody Index, were not significantly altered in schizophrenia compared to controls. Thus, the selective diffusion of bovine milk casein and wheat gluten antibodies between serum and CSF in schizophrenia may be the function of a low-level anatomical barrier dysfunction or altered CSF flow rate, which may be transient in nature. Ó 2014 Elsevier Inc. All rights reserved.
Introduction
A variety of central nervous system (CNS) and peripheral biomarkers of inflammatory processes are altered in schizophrenia, including C-reactive protein, cytokines, kynurenine pathway metabolites, autoantibodies, antibodies to microbial agents and other extrinsic antigens, gastrointestinal (GI) and white matter functions or morphologies (Dickerson et al., 2013; Drexhage et al., 2010; Fillman et al., 2013 Fillman et al., , 2014 Gibney and Drexhage, 2013; Leonard et al., 2012; Linderholm et al., 2012; Miller et al., 2011 Miller et al., , 2012 Monji et al., 2013; Muller, 2014; Muller et al., 2012; Severance et al., 2012a Severance et al., , 2013 Severance et al., , 2014 Torrey et al., 2012; Yolken and Torrey, 2008) . However, the mechanisms underlying variable immune activation observed in schizophrenia populations are poorly understood, because the immune pathology differs in scope and intensity from classic inflammatory diseases of the CNS, such as viral encephalitis and multiple sclerosis (Bechter, 2013; Bechter et al., 2010) . It has been difficult to fully disentangle the contribution of antipsychotics to changes in inflammatory indices in schizophrenia, but a number of studies performed in recent onset and antipsychotic-naïve patients suggests that evidence of specific immune activation can be seen early in the disease, even before medication is administered (Beumer et al., 2012; Drexhage et al., 2010 Drexhage et al., , 2011 Leonard et al., 2012; Miller et al., 2012; Mondelli and Howes, 2014; Severance et al., 2012a Severance et al., ,b, 2013 Steiner et al., 2012; Stojanovic et al., 2014) .
In schizophrenia, a subset of individuals may be particularly sensitive to immune activation following the digestion of certain dietary proteins, such as wheat gluten and bovine milk casein (Cascella et al., 2011; Dickerson et al., 2010; Dohan, 1979 Dohan, , 1981 Dohan and Grasberger, 1973; Dohan et al., 1969; Lachance and 
